Although cardiac resynchronization therapy (CRT) reduces morbidity and mortality in patients with heart failure, a significant minority of patients do not respond adequately to this therapy. The objective of this study was to examine the impact of a 'multidisciplinary care' (MC) approach on the clinical outcome in CRT patients.
Introduction
Several prospective randomized studies have shown that cardiac resynchronization therapy (CRT) is associated with a significant reduction in hospitalization rates for heart failure (HF) and improved long-term survival. 1 -3 Consequently, CRT has gained widespread acceptance as a safe and efficacious therapeutic strategy for patients with advanced HF and evidence of systolic dysfunction (ejection fraction ≤35%), intraventricular conduction delay (QRS duration .120 ms), and HF symptoms refractory to maximal medical therapy (NYHA class III and IV). Recent publications have also demonstrated benefit in even mildly symptomatic (class I and II NYHA) HF patients. 4 -6 Although CRT has been shown to favourably alter the natural course of HF, significant proportions of patients remain nonresponsive and have recurrent hospitalization for HF. 1 -6 Although previous reports have suggested that multidisciplinary strategies for congestive HF are associated with a reduction in HF hospitalizations, this has not been examined in the CRT patient population. Heart failure patients with implanted CRT devices are a frail group of patients often requiring care from multiple cardiovascular subspecialties inclusive of the HF, electrophysiology (EP), and echocardiography (ECHO)/imaging services. In most instances, the care delivered is fragmented with limited cross talk within the subspecialties. There has been a recent emphasis on disease management initiatives to integrate the care delivered to the CRT patient between the different subspecialties. The aim of this study was to examine the impact of this 'multidisciplinary care' (MC) approach on the clinical outcome in CRT patients.
Methods
The multidisciplinary clinic
The Massachusetts General Hospital (MGH) CRT clinic was established in November 2005 to provide MC to HF patients receiving CRT devices. The clinic works in conjunction with referring physicians consisting of primary cardiologists, advanced HF cardiologists, and electrophysiologists both inside and outside of the MGH system who provide care to patients with refractory HF. Patients are referred at various stages throughout the process of HF management and device implantation, although, in most cases, patients first visit the CRT clinic just before or just after CRT implantation. The primary objective is to provide MC during individual patient visits. The clinic consists of a team of physicians, nurse practitioners, technologists, and support staff with expertise in HF, EP/arrhythmia/device management, and ECHO. Figure 1 outlines the post-CRT device implant MC clinic protocol. The protocol consists of three visits to the MC clinic over a 6-month period, after which patients who respond well to CRT typically return to conventional care (CC). The first MC CRT clinic visit typically occurs 1 month after implant. At this visit, patients undergo a 6-minute walk test, quality of life assessment (using the Minnesota Living with Heart Failure Questionnaire), and device interrogation. In addition, an ECHO-guided atrio-ventricular and inter-ventricular device optimization by a physician echocardiographer is performed. The patient is evaluated by both an EP and HF specialist in order to adjust medications, refer for relevant diagnostic tests, and make any necessary device adjustments.
Second visit occurs at 3 months, where the patient once again undergoes a 6-minute walk test, quality of life assessment, device interrogation, and assessment by an EP and HF specialist. There is careful evaluation of device diagnostics including assessment of heart rate variability, activity monitors, arrhythmia burden, frequency of premature ventricular contractions (PVCs) and per cent biventricular pacing with a particular focus to identify and correct problems for those patients who may have little or no symptomatic improvement at this early stage after CRT.
The third visit occurs at 6 months. At this visit, the patient once again undergoes a 6-minute walk test, quality of life assessment, device interrogation, and assessment by an EP and HF physician. An echocardiogram is performed to assess for left ventricular remodelling. Patients subsequently 'graduate' from the clinic and continue to the follow-up in a CC setting. Those patients showing continued evidence of lack of improvement in the form of HF hospitalization or refractory symptoms after CRT are re-evaluated and may undergo repeat echoguided device optimization as well as comprehensive assessment for causes of non-response.
Data were collected prospectively on each patient seen in the CRT clinic. Patients who underwent de novo CRT device implant or upgrade from a pacemaker or defibrillator between September 2005 and February 2010, and were seen, or scheduled to be seen, in the MC clinic were the patients that were included in the study and grouped into the MC cohort. Prospectively obtained baseline characteristics and clinical outcomes including death, cardiac transplant, and HF hospitalization were reconfirmed with review of the electronic medical record and comparison with the social security death index (SSDI). The current project and proposed analysis was approved by the MGH Institutional Review Board and Ethics Committee.
Conventional care
In the CC setting, patients were seen as needed by each subspecialist and in EP device clinic in separate visits at varying intervals. Echocardiogram-guided optimizations were dictated by physician discretion and not performed routinely. Patients who underwent CRT device implantation and were followed conventionally at MGH between March 2003 and November 2009 (i.e. were never seen in the MC) were included as part of the CC cohort. Either due to physician or patient preference a small number patients (n ¼ 25) did not to participate in the MC approach. Medical records were retrospectively reviewed for baseline characteristics using pre-specified search parameters. The clinical outcome was obtained from the medical records and by a search of the SSDI where appropriate. Hospitalizations for HF were adjudicated by a blinded reviewer. 
Follow-up
All patients were followed up for hard clinical endpoints, i.e. all-cause mortality, HF hospitalizations, left ventricular-assist device implantation and cardiac transplant. For both cohorts, HF hospitalization was defined as inpatient admission with signs and/or symptoms of HF, including shortness of breath, peripheral oedema, and/or congestion on the chest radiograph and improvement of these signs and/or symptoms with medical therapy. Left ventricular lead location was adjudicated using venous angiograms, PA, and lateral chest radiographs.
Statistical analysis
Continuous variables are expressed as the mean + standard deviation and were compared using the unpaired two-tailed Student's t-test. Categorical variables are expressed as a percentage and were compared using Fisher's exact probability test. Survival curves were constructed using the KaplanMeier method and compared between the two groups using the log-rank test. Patients were censored after their first event. In a secondary analysis, a blanking period of 1 month was used to rule out the confounding influence of early procedure-related events (prior to the first post-implant MC clinic visit). For both analyses, the follow-up was truncated at 2 years. Unadjusted and adjusted Cox proportional hazards models controlling for all variables for which the two cohorts showed differences with a P-value ,0.2 at baseline were used to compare the risk for an event between the groups. We determined whether interaction occurred between preselected covariates and the two groups in unadjusted Cox regression models and provided separated hazard rate ratio regarding death/ transplant/HF hospitalization between the MC and CC group for the clinically defined subgroups. The proportional hazards assumption was tested for all variables within the main 2-year outcome Cox regression model using cumulative sums of martingale residuals (KolmogorovSmirnov Supremum test), 7 with no violations observed. Paired t-test was used to test whether the change between baseline and follow-up of echo parameters (LV ejection fraction and end-diastolic/systolic diameter) differed significantly from zero. Further, unpaired t-test was used to assess differences in these measures between the two groups. All performed tests were two-sided and a P-value of ,0.05 was considered as statistically significant. All analyses were performed with SAS (version 9.2, SAS Institute, Inc., Cary, NC, USA).
Results

Patient population
There were 254 patients included in the MC cohort, inclusive of three patients who died prior to their first scheduled visit in the clinic. There were 173 patients included in the CC cohort including 7 patients who were initially followed conventionally for .6 months but were subsequently referred to the MC after an HF decompensation clinical event. Most baseline characteristics of patients in the MC group were comparable with those in the CC group (Table 1) of CC patients with NYHA functional class IV symptoms, prior revascularization, and who were taking loop diuretics and digoxin. The baseline left ventricular ejection fraction (LVEF) was also slightly lower in the CC group.
Clinical outcome
In total, 177 patients had at least one event within 2 years. There were 87 deaths, 14 transplants, and 137 hospitalizations because of HF. In the MC cohort (n ¼ 254), 88 patients had at least one event (46 deaths, 7 transplants, 70 hospitalizations because of HF). In the CC cohort (n ¼ 173), 89 patients had at least one event (41 deaths, 7 transplants, 67 hospitalizations because of HF). Among the entire cohort of the study (n ¼ 315), 74% either completed 2 years of follow-up or died prior to this. The median follow-up time was 24 months with an inter-quartile range of 13-24 months. Kaplan-Meier estimates for survival free of cardiac transplant or HF at 2 years were performed ( Figure 2A) . After 1 and 2 years, 89 and 77% of patients in the MC cohort survived, whereas only 78 and 65% survived within the CC cohort, respectively (log-rank test, P ¼ 0.01). Subjects receiving MC had a lower risk for death over a 2-year follow-up in comparison to the CC cohort (HR: 0.58, 95% CI: 0.38-0.88, P ¼ 0.01).
After 1 and 2 years, patients in the MC cohort remained eventfree at a rate of 73 and 61%, while only 61 and 46% were event free within the CC cohort, respectively (log-rank test, P ¼ 0.001). Accordingly, the risk for an event within 2 years was reduced in the MC cohort when compared with CC (HR: 0.62, 95% CI: 0.46-0.83, P ¼ 0.001). This result remained significant when the analysis included a 30-day blanking period in which 17 early events were not included in order to account for any difference in procedurally related complications between the two groups (HR: 0.66, 95% CI: 0.49-0.89, P ¼ 0.007; Figure 2B) .
A Cox proportional hazards model was constructed with all variables for which the two groups differed at baseline (P ≤ 0.20) which included NYHA functional class, aetiology of cardiomyopathy, history of coronary artery disease, prior coronary artery revascularization, LVEF, LV lead location, and use of digoxin, loop diuretics, and beta-blocker at baseline. After adjustment, patients receiving MC continued to show a significant reduction in death, transplant, or HF hospitalization (HR: 0.69, 95% CI: 0.48-0.98; P ¼ 0.04). After adjustment the difference between the two groups there was only a trend towards improved overall mortality for patients in the MC group (HR: 0.70, 95% CI: 0.42-1.18; P ¼ 0.18). Patients in the CC group consisted primarily of a historical cohort who received CRT prior to the existence of our multidisciplinary clinic. However, there were patients in the analysis who were implanted while the multidisciplinary clinic was on-going, but received conventional follow-up due to patient or physician preference (n ¼ 25). Interestingly, when only these patients in the CC group were compared with the MC group, event-free survival remained significantly improved among those receiving MC (HR: 0.23, 95% CI: 0.14-0.39, P , 0.0001). When these 25 patients were excluded altogether from the analysis in order to assess whether there was bias introduced by non-referral to our clinic, there continued to be improved event-free survival in those receiving MC (HR: 0.72, 95% CI: 0.53-0.99, P ¼ 0.04). The effects of the impact of MC in 12 subgroups are presented in Figure 3 .
Interaction effects between the subgroup and MC were identified in two subsets: MC was associated with a significantly better outcome in patients with an LVEF ≥20% (n ¼ 283; HR: 0.54, 95% CI: 0.37-0.77) when compared with those with an LVEF ,20% (n ¼ 116; HR: 0.90, 95% CI: 0.51-1.57; P ¼ 0.01 for the interaction between the groups and LVEF) and in patients with age ,65 years (n ¼ 153; HR: 0.37, 95% CI: 0.22 -0.64) when compared with those with age ≥65 years (n ¼ 274; HR: 0.80, 95% CI: 0.56-1.14; P ¼ 0.04 for the interaction between the groups and age). These subgroup interactions, however, should be interpreted with caution, in view of the multiple testing involved.
A secondary subset analysis examining the impact of the multidisciplinary clinic on echocardiographic reverse remodelling was performed. For the whole cohort, there was an absolute increase in an LVEF by 8 + 11% (P , 0.001), a relative decrease in the LV end-diastolic diameter (LVEDD) of 6 + 10% (P , 0.001), and a relative decrease in the LV end-systolic diameter (LVESD) of 8 + 13% (P , 0.001). Patients receiving MC had a significantly greater improvement in EF compared with those receiving CC (9.3 + 10 vs. 3.2 + 10%, P , 0.001), but no significant differences in change in the LVEDD or the LVESD (P ¼ 0.97 and P ¼ 0.67, respectively).
Discussion
This study shows that a multidisciplinary approach is associated with a better clinical outcome in the CRT patients and reduced HF hospitalization and all-cause mortality. There was a 38% relative risk reduction for HF hospitalization, transplant, and/or mortality over a 2-year follow-up in the group receiving MC vs. clinical care. These differences remained significant after adjusting for all clinical covariates and accounting for procedural adverse events. Our findings, drawn from a 'real-world' cohort of heterogeneous and often morbid HF patients receiving CRT, complement the data originally obtained from controlled trials enrolling highly selected patients and extend applicability to a wider cohort of CRT patients.
Clinical outcome
Heart failure, a final common pathway for most cardiovascular illnesses, affects nearly 5.8 million Americans, with 660 000 new patients being added yearly. 8, 9 Heart failure remains a leading cause of hospital readmissions, and despite therapeutic innovations, the long-term mortality from either pump failure or arrhythmic death remains high. Heart failure management programmes have been shown to be successful in improving quality of life and patient satisfaction, while reducing hospital admissions and hospital stay. Many such models involving home-care and specialized nursing follow-up of patients with HF have also been shown to improve the clinical outcome with a 27% reduction in hospitalization rates and a 43% reduction in HF hospitalizations. 10 Previously reported multidisciplinary approaches for HF management have neither primarily involved HF patients with implanted devices nor have they involved care delivered across different subspecialties. The high prevalence of HF and the expanding patient population eligible for device therapy has created a new genre of ambulatory HF patients with implanted devices. The complex nature of these patients often requires participation of an electrophysiologist, HF specialist, with support from a cardiovascular imaging specialist. Current post-device implant care is lacking on many fronts, namely: attention to device diagnostic information, evaluating and optimizing device programming in patients, and early identification and treatment of non-responders. The present study showed the positive impact of these collective interventions in a patient population through a multidisciplinary clinic.
Despite enhanced patient selection strategies and technological advances in devices and left ventricular lead systems, however, nearly a third of patients continue to remain non-responsive to CRT. In the current cost-conscious healthcare environment, worsening HF requiring emergent care and recurrent hospitalizations substantially diminishes the cost-effectiveness profile of this therapeutic modality. The integrated clinic approach provides a means to identify early on patients that may be potential non-responders, thereby enabling pre-emptive intervention.
The total mortality in our integrated-clinic cohort was comparable with the recent data reported from the ALTITUDE survival study 11 and lower than that reported in the Medicare registry. 12 Notably, Bilchik et al. 12 reported that the observed rates of mortality in the CRT patients in a real-world setting was much higher than that seen in major clinical trials, with the Medicare registry reporting a 3-year mortality of 31.8%. In contrast to the ALTITUDE study and Medicare registry, our study also examined HF hospitalization, which was significantly lower in the MC cohort. Compared with the clinical trial population, our patients in the multidisciplinary group reflect a sicker cohort, and included all patients receiving CRT, irrespective of their renal function, presence of atrial fibrillation, and other co-morbidities. Importantly, the additional benefit of a multidisciplinary approach was similar in magnitude to that which has been reported in clinical trials evaluating new drugs 13 -16 and device therapy for HF patients. 1 -6 Furthermore, the benefit seen in this trial could be considered as 'additive' to conventional therapies. This incremental improvement in the clinical outcome is impressive particularly within the context that most multicentre trials have had a carefully selected patient population with limited co-morbidities. Interestingly the beneficial effect of MC was evident across the different subgroups of patients, stratified by age, gender, aetiology of Figure 3 Risk of death or heart failure, according to type of care received. The hazard ratios for death or non-fatal heart failure hospitalization (whichever came first) are shown for various subgroups among patients who received multidisciplinary care. The red dashed vertical line represents the results for the entire analysis for multidisciplinary care (hazard ratio, 0.62), and the horizontal lines indicate 95% confidence intervals. Subgroup treatment interaction was identified for the left ventricular ejection fraction and age (P ¼ 0.01 and 0.04, respectively), marked with *. LVEF, left ventricular ejection fraction; MC, multidisciplinary care; CC, conventional care.
cardiomyopathy, lead location, and presence of atrial fibrillation and renal dysfunction.
Clinical components
Given the integrated delivery of care, it is difficult to disaggregate the relative contribution from different components of care delivered through the multidisciplinary clinic. A protocol-based multidisciplinary post-implant follow-up strategy not only ensures increased accountability but also guarantees good communication between care-givers, appropriate use of the HF and arrhythmiaspecific data obtained from the device interrogation, along with individualized echo-guided programming of the atrio-ventricular and inter-ventricular timings in the device. The patients are more engaged and consequently there is earlier detection and intervention in non-responders.
Experience from the ADHERE registry suggests medical management of HF has significantly improved over the past two decades. Despite clear guidelines for managing HF, however, there remains substantial variation in treatment practices among physicians treating patients with HF. 17 In the multidisciplinary approach having the HF specialist closely involved in the post-implant care of the CRT patient, may have by itself had a significant impact on the outcome, via intensified titration of the medications along with education component pertinent to salt and water intake and self-monitoring of HF symptoms. A controversial component to this treatment model is the role of AV and VV optimization. Although prior clinical work showed that AV optimization may be useful, 18 the recent SMART-AV study has questioned its utility in the CRT population. 19 Although the SMART-AV study was a well-conducted randomized study, it was underpowered, the population was less sick and the endpoint of anatomical remodelling examined was different from the harder clinical endpoints evaluated in our study. Notably in the secondary analysis, we did find a greater improvement in the ejection fraction in the MC group, as opposed to those in the CC arm. Of note, Mullens et al., 20 in their work with CRT nonresponders, showed that suboptimal AV timing is one of the commonest and easily correctable causes for non-responsiveness. Our effort to optimize all patients at their first-month visit was to ensure uniformity in our approach, and programme the intervals to the best baseline haemodynamic settings. We used echocardiographic-guided optimization of the AV and VV interval, per a fixed protocol ensuring reproducibility within our clinic. Importantly, no changes were made to the VV intervals unless ≥15% increase in the stroke volume was observed. This was based on the inter-observer variability for these measurements in our ECHO laboratory. Cardiac resynchronization therapy devices can record and provide detailed information pertinent to patient activity, heart rate, autonomic activity, and transthoracic impedance and in the near future they may also provide real-time haemodynamic data. 21 Much of these data can be used for risk stratifying and prognosticating 22 and adjusting their medical regimen. 23 A multidisciplinary clinic provides an ideal structure for a collaborative approach to treat this sick patient population, enabling the different specialties to allow these data to be used more efficiently in the care of these patients. Device diagnostic data were evaluated at each visit and information derived from that was used to help facilitate patient care. For example, the physical activity log was routinely evaluated to (i) get an objective assessment of the patient's day-to-day activity and (ii) to encourage the patient to exercise and stay active. The mean and nocturnal heart rate data were used in conjunction with other clinical data to up-titrate beta-blockers. Transthoracic impedance when available was used in the context of the clinical situation to guide therapy.
Limitations
These data must be interpreted in the context of the study design. This is a single-centre non-randomized study. Importantly, only patients who received their entire care at MGH were included, thereby ensuring complete follow-up data. Data collection for patient seen in the CRT clinic was prospective, whereas that for the historical group was retrospective. Prospective randomized studies to validate our findings are needed. The improved outcomes in the integrated clinic approach in contrast to the historical control group could be related to advances in device technology and operator experience. The higher incidence of lateral wall lead placements in the multidisciplinary programme may be reflective of this. Of note, recent work has shown the absence of the impact of lateral free wall placement on the clinical outcome. 24, 25 There were no differences within the two groups in the location of the left ventricular lead in the apical segment, which has been recently shown to be associated with an adverse clinical outcome. 24, 26 Importantly, in a subgroup analysis, the MC improved outcomes across both apical and non-apical lead locations. Notably, at baseline, patients in both groups were noted to be on similar pharmacological therapy for HF. Uptitration of neurohormonal blockers after CRT therapy in the MC group was usual, but our study did not systematically track changes in medications in the CC group. However, univariate analysis showed the beneficial effect of MC across most subgroups, including those on loop diuretics, aldosterone antagonists, beta-blockers, and digoxin. Although attempts were made to control for differences between the MC and CC patient cohorts, it is possible that differences between these groups may have impacted the study results. Also, the number covariates used in the full-adjusted model may be un-proportional to the number of events using only death as an outcome and may explain the widening of the confidence intervals. Finally, although a multidisciplinary programme as shown in this study may be successful in improving the longterm outcome, it still remains to be assessed if the front-loaded expenditure is cost-effective in the long run.
Clinical implications
Importantly, HF is a progressive disease and our data suggest that a multidisciplinary effort may set the patient on an appropriate trajectory, thereby reducing cardiovascular events and improving the long-term outcome. As the HF population eligible for device therapy rapidly expands, the need to implement hospital protocols, which simultaneously amplify the accountability of practitioners, yield superior cost-effectiveness, and improve clinical outcomes is becoming increasingly imperative. To ensure the early detection of non-response to CRT, and trigger remedial actions through modifying drug therapy or device settings, the communication lines between the electrophysiologist, echocardiographer, and HF specialist need to be open and fluid. An integrated MC model may make this process achievable, and could improve the 2-year event-free survival in patients receiving CRT.
Funding
This study was supported in part by a research grant from St Jude Medical.
